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(57) ABSTRACT 

An embodiment generally relates to an optical device suitable 
for use with an optical medium for the storage and retrieval of 
data. The optical device includes an illumination means for 
providing a beam of optical radiation of wavelength A, and an 
optical path that the beam of optical radiation follows. The 
optical device also includes a diffractive optical element 
defined by a plurality of annular sections. The plurality of 
annular sections having a first material alternately disposed 
with a plurality of annular sections comprising a second 
material. The diffractive optical element generates a plurality 
of focal points and densely accumulated ray points with phase 
contrast phenomena and the optical medium is positioned at a 
selected focal point or ray point of the diffractive optical 
element. 
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MICRO-FRESNEL ZONE PLATE OPTICAL 
DEVICES USING DENSELY ACCUMULATED 
RAY POINTS 

CROSS-REFERENCE TO RELATED 5 

APPLICATIONS 

This patent application claims the benefit of U.S. Provi- 
sional Patent Application No. 6 1/089,2 18 filed Aug. 15,2008. 

ORIGIN OF THE INVENTION 

The invention was made by employees of the United States 
Government and may be manufactured and used by or for the 
Government of the United States of America for governmen- 1 5 
tal purposes without the payment of any royalties thereon or 
therefor. 

FIELD OF THE INVENTION 

20 

This invention relates generally to optical data storage 
systems, more particularly, to a micro-Fresnel zone plate 
optical device for the optical data storage systems. 

DESCRIPTION OF THE RELATED ART 25 

In recent years, various kinds of optical recording media 
have been under development, and optical pickup apparatus 
which can carry out recording and reproducing while using a 
plurality of kinds of optical recording media in common have 30 
been known. For example, a system which carries out record- 
ing and reproducing of DVD±R/RW (recordable digital ver- 
satile disc) and CD-R/RW (recordable optical disc) by using 
an optical pickup device has been known, 

FIG. 7 illustrates a conventional optical or magneto-optic 35 
disk drive 700. As shown in FIG. 7, the optical disk drive 700 
includes a laser source 705 for providing a laser beam 710, an 
optical or magneto-optic data recording disk 715, and a lens 
720 for focusing the laser 710 on a small spot on disk 715. A 
motor 725 rotates disk 715 so that laser beam 710 can scan 40 
over a data recording track of the disk 715. 

The focusing lens 720, usually a convex lens, is a few 
millimeters to a few centimeters in diameter with a long focal 
distance, from several millimeters to several centimeters. The 
spot size of a laser beam is limited by the beam waist of a 45 
Gaussian beam profile at a conventional focal point of a lens 
and it is very difficult to reduce the spot size substantially 
below the wavelength over the numerical aperture of the lens. 
Therefore, the beam- spot-size of conventional commercially 
available technologies is relatively large and could not 50 
achieve the higher data density beyond four point seven (4.7) 
gigabyte per single layer DVD and about twenty five gigabyte 
per single layer blue-ray DVD in the year 2005. In optical and 
magneto -optic data storage, one also generally strives for 
high data recording density. This means that the spot size 55 
produced by the focusing lens should be as small as possible. 

SUMMARY 

An embodiment generally relates to an optical device suit- 60 
able for use with an optical medium for the storage and 
retrieval of data. The optical device includes an illumination 
means for providing a beam of optical radiation of wave- 
length X and an optical path that the beam of optical radiation 
follows. The optical device also includes a diffractive optical 65 
element that includes a plurality of annular sections. The 
plurality of annular sections is defined by a first material 
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alternately disposed with a plurality of annular sections com- 
prising a second material. The diffractive optical element 
generates a plurality of focal points and the optical medium is 
positioned at a selected focal point or densely accumulated 
ray -point of the diffractive optical element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various features of the embodiments can be more fully 
appreciated, as the same become better understood with ref- 
erence to the following detailed description of the embodi- 
ments when considered in connection with the accompanying 
figures, in which: 

FIG. 1 illustrates an exemplary system in accordance with 
an embodiment of the present invention; 

FIG. 2 illustrates a more detailed view of the micro zone 
plate in accordance with another embodiment; 

FIG. 3 illustrates the multiple focal points of the micro 
zone plate shown in FIGS. 1 and 2 in accordance with yet 
another embodiment. 

FIG. 4A illustrates a power density for a focal point of the 
micro zone plate with a constructive-interference in accor- 
dance with vet another embodiment; 

FIG. 4B illustrates a power density for a densely accumu- 
lated ray -point (non-conventional focal point) of the micro 
zone plate in accordance with yet another embodiment; 

FIG. 5 A illustrates a more detailed view of the system 100 
in a write mode in accordance with yet another embodiment; 

FIG. 5B illustrates a more detailed view of the system 100 
in a read mode in accordance with yet another embodiment; 

FIG. 6 A illustrates a system for a medium based on reflec- 
tion in accordance with yet another embodiment; 

FIG. 6B illustrates a system for a medium based on a 
photoluminescence medium; and 

FIG. 7 illustrates a conventional optical disk drive. 

DETAILED DESCRIPTION OF EMBODIMENTS 

For simplicity and illustrative purposes, the principles of 
the present invention are described by referring mainly to 
exemplary embodiments thereof. However, one of ordinary 
skill in the art would readily recognize that the same prin- 
ciples are equally applicable to, and can be implemented in, 
all types of optical systems, and that any such variations do 
not depart from the true spirit and scope of the present inven- 
tion. Moreover, in the following detailed description, refer- 
ences are made to the accompanying figures, which illustrate 
specific embodiments. Electrical, mechanical, logical and 
structural changes may be made to the embodiments without 
departing from the spirit and scope of the present invention. 
The following detailed description is, therefore, not to be 
taken in a limiting sense and the scope of the present invention 
is defined by the appended claims and their equivalents. 

Embodiments relate generally to an improved optical 
recording and pick-up device for use in optical storage sys- 
tems. More particularly, a micro Fresnel zone plate may be 
fabricated using photonic DART (Densely Accumulated 
Ray-poinT) technology in which the central focused spot is 
sharpened by one or multiples of surrounding destructive 
interference ring patterns. The conventional micro Fresnel 
zone plate with zero-order transparent central aperture may 
create multiple constructive focal points described by r„=K 
Vn (n is an odd integer, 1,3,5...) when the radii of the circles 
on the zone-plate are given in the form of, and constructive 
focal points F1,F3 and F5 are K 2 /X, K 2 /(3X), and K 2 /(5X). In 
contrast, densely accumulated ray -point of photonic DART 
occurs at different position close to destructive interference 
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distance where the central bright spot is surrounded by 
destructive interference rings. The result is an ultra-sharp 
bright spot caused by phase-contrast mode. The full-width- 
half-maximum (FWHM) of this ultra-sharp bright spot, i.e. 
photonic DART, is narrower than that of a Gaussian distribu- 
tion as shown in FIG. 4B. The photonic DART occurs 
between the constructive interference point, such as K 2 /Z and 
next destructive interference point, K 2 /2X The focal distance 
of DART is close to the destructive interference point, and it 
is not expected in conventional constructive focal points. 

DART occurs at K 2 /XX, where X is not an integer, but X is 
close to a destructive integer so that the destructive ring pat- 
tern surrounds the central bright spot. The focused power at 
DART is sufficient to melt tiny objects at tiny region, e.g., the 
surface of an optical storage medium. The optical storage 
medium may be implemented as a dye-based medium, a 
phase-change medium, or a phase-change media. Accord- 
ingly, this DART technology may be used in optical systems 
for read and write operations. 

Other embodiments pertain generally to an electro-optic 
layer integrated with the micro Fresnel zone plate imple- 
mented with photonic DART technology. The integrated elec- 
tro-optic layer provides a mechanism to modify the focal 
points of the micro Fresnel zone plate with applied voltages. 
Accordingly, these embodiments can quickly track the target 
data track on the rotating or moving storage medium to com- 
pensate for unwanted vibration and/or wobbling. 

FIG. 1 illustrates an exemplary optical system 100 in accor- 
dance with an embodiment. It should be readily apparent to 
those of ordinary skill in the art that the optical system 100 
depicted in FIG. 1 represents a generalized schematic illus- 
tration and that other components may be added or existing 
components may be removed or modified. 

As shown in FIG. 1, optical system 100 includes a laser 
source 105 for providing a laser beam 110 of a wavelength. 
The laser source 105 may be implemented with semiconduc- 
tor lasers, discrete devices or combinations thereof. The 
wavelength, Z, of the laser source may be selected based on a 
variety of factors such as the storage medium, the application 
of the optical system, etc. For example some lasers for com- 
pact disc players may operate at 780 nm wavelength. Lasers 
for digital versatile discs may operate at 650 nm wavelength. 

The optical system 100 also includes an optical or mag- 
neto-optic data recording disk 115, and a lens 120 for focus- 
ing the laser 110 on a small spot on disk 115. A motor 125 
rotates disk 115 positioned on a spindle 130 so that laser beam 
110 can scan over a data recording track of the disk 115. 

The optical system also includes a micro Fresnel optical 
lens or micro zone plate (MZP) 135. The Fresnel optical lens 
135 may be implemented in flat disk or 3D-structure with 
opaque or transparent annular structures, which are opti- 
mized for photonic DART technology, where the central 
bright spot is sharpened by surrounding destructive interfer- 
ence rings. The MZP 135, like conventional Fresnel zone 
plates, may generate integer constructive interference points, 
i.e., constructive focal points PI, P3, and P5, as well as integer 
destructive interference points, i.e., deconstructive focal 
points P2 and P4. The MZP 135 also generates a non-conven- 
tional densely accumulated ray-point, PX, somewhere 
between the PI and P2 focal points as a result of the photonic 
DART technology. The photon distribution at PX is substan- 
tially sharper with narrower FWHM than at PI, which pro- 
vides another distance to place storage media. 

FIG. 2 illustrates a fabricated MZP 135 in accordance with 
an embodiment and FIG. 3 illustrates schematically the fab- 
ricated MZP 135 of FIG. 2. As shown in FIG. 3, the MZP 135 
comprises a pattern of alternating opaque 305 and transparent 
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310 concentric (annular or circular sections) regions. The 
opaque 305 concentric regions can be replaced with second 
transparent regions of a certain refractive index which is 
different from that of the first transparent 310 concentric 
5 (annular or circular sections) regions. The opaque 305 con- 
centric regions can be replaced with third transparent regions 
of a certain thickness which is different from that of the first 
transparent 310 concentric (annular or circular sections) 
regions. The radius and width of the concentric rings are 
1 0 designed to give best focal point or ray -point, i.e. optimize the 
phase contrast of DART so that FWHM of focus spot 
becomes smallest while maintaining the intensity of focus 
spot. The MZP 135 uses diffraction to focus the light that 
15 passes through it. In other words, the pattern of concentric 
rings creates a diffraction pattern that has its largest maxi- 
mum at the first diffractive order (n=l). The MZP 135 also 
creates higher-order diffractive orders on each side of the first 
order (n=3, n=5, etc.). Each of these higher-order diffractive 
20 orders is less intense than the first order diffractive order by a 
factor of 1/n 2 . These odd-integer diffractive orders are con- 
structive interference focal points, i.e., PI, P3 and P5. The 
MZP 135 also creates destructive focal points, P2 and P4. It is 
worth noting that when the light provided to a zone plate is 
25 perfectly collimated, the first order of diffraction will be 
found at the focal length of the zone plate 135. 

In this embodiment in FIG. 2, the constructive focal points 
are PI, P3 and P5 at a respective distance of 46.99 pm, 9.40 
pm, 5.22 pm; and the destructive focal points P2 and P4 at a 
30 respective distance of 15.66 pm and 6.71 pm. 

Returning to FIG. 2, the MZP 135 may be integrated with 
an electro -optic layer 205 that changes the refractive index 
according to the applied electric field. Electro-optic layer 205 
can be made with electro-optic crystals, electro-optic poly- 
35 mers, and/or liquid crystals, but not limited to, by means of 
chemical vapor deposition, thin-film growth, liquid spin- 
coating process and so on. With the electro -optic layer 205, 
the MZP 135 may be configured to control the focal points 
with applied voltages to the electro-optic layer 205. The volt- 
40 ages can be applied to the concentric rings when the rings are 
made with metal or transparent conductor such as indium tin 
oxide (ITO). The resulting circular electric filed generates 
concentric radial gradient or stepped refractive index. Also, 
the planar electric filed can be generated when an underlying 
45 electrode layer is provided. 

FIGS. 4AB illustrate the photon distribution at the focal 
point PI (FIG. 4 A) and ray -point PX (FIG. 4B). The mea- 
sured full width half maximum (FWHM) at PI is 620 nm and 
the FWHM at PX is 465 nm. In other words, if a few tens of 
50 mWatt laser of 2 mm diameter (>0.3 Watt/cm 2 ) is finely 
focused in ray -point PX so that ten mWatt is focused within 
465 nm diameter, then the power density at focal point PX is 
about 100,000 Watt/cm 2 , which is powerful enough to melt 
tiny objects at that point as well as focusing the laser beam 
55 into a spot which is smaller than the wavelength of the laser in 
terms of FWHM. This power can be used to bum a tiny spot, 
induce photo/thermo chemical reactions, melt a crystal into 
amorphous phase, and anneal an amorphous material into 
crystalline phase, such as phase-change materials. Accord- 
60 ingly, information can be stored as depicted by the embodi- 
ments shown in FIGS. 5AB. 

FIGS. SAB illustrate a more detailed view of the laser and 
storage media interaction for writing (FIG. 5A) and reading 
(FIG. 5B). As shown in FIG. 5A, the MZP 135 (see Micro 
65 Zone Plate 135) may receive roughly focused light from a 
high power laser beam (e.g. laser beam 110 in FIG. 1) through 
an optional focusing lens (e.g., lens 120 in FIG. 1) onto the 
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MZP 135. The MZP 135 may finely focus the light onto the 
optical disk storage disk (e.g., storage media 115 in FIG. 1). 

By placing the storage media at a focal point, e.g., PI or 
PX, the power density at this focal point can cause a phase 
change to indicate a written bit. The power density may be 
sufficient to raise temperatures for data writing and erasing. 
Moreover, embodiments of the MZP 135 provide a mecha- 
nism to have substantially short focal distances as compared 
to conventional optical disk systems. For example, for the 
embodiment depicted in FIG. 2, the focal distance may be 47 
pm for PI . The short focal distance can reduce the beam waist 
and beam spot diameter. Accordingly, a higher density of data 
can be written and read. Additionally, DART technology, i.e. 
the beam-spot-sharpness improvement by phase-contrast 
mode with surrounding destructive interference rings, can be 
used to reduce the spot-size and increase the data storage 
density. 

Turning to FIG. 5B, the MZP 135 may receive roughly 
focused light from a low power laser beam (e.g. laser beam 
110 in FIG. 1) through an optional focusing lens (e.g., lens 
120 in FIG. 1) onto the MZP 135. The MZP 135 may finely 
focus the light onto the optical disk storage disk (e.g., storage 
media 115 in FIG. 1), which is returned back through the 
MZP 135. The mechanism of returned light may be a function 
of the property of the storage media. For example, depending 
on the material, the returned light may be due to refractive 
index, transmission or emission wavelength. Similarly, the 
transmitted light through a semi-transparent storage media 
can be used as well. 

FIG. 6A illustrates an exemplary optical system 600 for a 
reflectance change material as the storage medium. As shown 
in FIG, 6 A, the roughly focused laser beam 605 may hit a 
prism mirror (or beam splitter) 610, which reflects the laser 
beam 605 onto the MZP 135. The MZP 135 may focus the 
light at the focal distance PI or PX on the optical data storage 
disk 615. Since the light from the MZP 135 is focused on a 
spot that can be substantially smaller than the optical charac- 
teristic size, the wavelength of the laser beam 605 over the 
numerical aperture of the lens, in terms of FWHM, the data 
storage density is substantially larger than conventional opti- 
cal storage systems. The reflected light from the optical data 
storage disk 615 is reflected toward a photon detector 620. 
The intensity of the reflected light (same wavelength) may 
represent data bits. Similarly, the transmitted light through a 
semi-transparent data storage media can be used as well. In 
this case, the intensity of the transmitted light (same wave- 
length) may represent data bits. 

FIG. 6B illustrates an exemplary optical system 600' for a 
storage medium implemented with a photo fluorescence 
material. As shown in FIG. 6A, the roughly focus laser beam 
605' may hit a prism mirror (or beam splitter) 610', which 
reflects the laser beam 605' onto the MZP 135'. The MZP 135' 
may focus the light at the focal distance PI or PX on the 
optical data storage disk 615’ implemented with photo-fluo- 
rescence material. Since the light from the MZP 135' is 
focused on a spot that is smaller than the wavelength of the 
laser beam 605' in terms of FWHM, the density of the data is 
substantially larger than conventional optical storage sys- 
tems. The reflected light from the optical data storage disk 
615' is reflected toward a photon detector 620'. The intensity 
of the reflected light (at different wavelengths) may represent 
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data bits. Similarly, the transmitted light through a semi- 
transparent data storage media can be used as well. In this 
case, the intensity of the transmitted light (whose wavelength 
is different from incident laser) may represent data bits. 

5 While the invention has been described with reference to 
the exemplary embodiments thereof, those skilled in the art 
will be able to make various modifications to the described 
embodiments without departing from the true spirit and 
scope. The terms and descriptions used herein are set forth by 
to way of illustration only and are not meant as limitations. In 
particular, although the method has been described by 
examples, the steps of the method may be performed in a 
different order than illustrated or simultaneously. Those 
skilled in the art will recognize that these and other variations 
15 are possible within the spirit and scope as defined in the 
following claims and their equivalents. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An optical device suitable for use with an optical 
20 medium for the storage and retrieval of data, the optical 
device comprising: 

an illumination means for providing a beam of optical 
radiation of wavelength Z; 

an optical path that the beam of optical radiation follows; 
25 and 

a single planar diffractive optical element configured to 
comprise a plurality of annular sections comprising a 
first material alternately disposed with a plurality of 
annular sections comprising a second material or a dif- 
30 ferent thickness of the first material , wherein the diffrac - 

five optical element is configured to generate a plurality 
of diffractive focal points and a plurality of densely 
accumulated ray points on an optical axis away from the 
diffractive optical element; and 

35 an optical medium positioned at a selected densely accu- 
mulated ray point which is surrounded by one or mul- 
tiple of zero -light-intensity destructive interference ring 
patterns that are located near the optical axis away from 
the diffractive optical element. 

40 2. The optical device of claim 1, wherein the first material 

is transparent with a first refractive index. 

3. The optical device of claim 2, wherein the second mate- 
rial is transparent with a second refractive index or is opaque. 

4. The optical device of claim 1, wherein at least one focal 
45 length of the diffractive optical element is longer than wave- 
length A, and shorter than ten centimeters. 

5. The optical device of claim 1, wherein the plurality of 
diffractive focal points comprises integer constructive inter- 
ference focal points, integer destructive interference focal 

50 points and a non-integer densely accumulated ray point. 

6. The optical device of claim 1, further comprising an 
electro -optic layer that changes the refractive index when an 
electric field is applied to modulate the respective distances of 
the plurality of diffractive focal points. 

55 7. The optical device of claim 6, wherein the electro-optic 

layer is configured to be implemented with one of an electro- 
optic crystal, an electro-optic polymer, and a liquid crystal. 

8. The optical device of claim 1, wherein the storage 
medium is one of dye-based medium, a phase-change 
60 medium, and a photo -luminescence medium. 





